Introduction
The ability to associate environmental stimuli with an appetitive or aversive outcome is crucial for an animal's survival through adaptive behavior. Conversely, there is accumulating evidence suggesting that different forms of psychiatric conditions, including different forms of anxiety disorders, addiction and possibly other mental diseases, are based, at least in part, on maladaptive learning (1) . Learning is mediated by activity-dependent functional and structural changes in neuronal circuits. For a long time, studies on the neurobiological basis of learning and memory have focused on the synaptic and cellular mechanisms of plasticity at excitatory glutamatergic synapses. However, by dynamically regulating neuronal excitation in a cell type-and even subcellular compartment-specific manner, GABAergic inhibition exerts temporally precise control over the activity in neuronal circuits. A large body of work provided insight into how inhibition dynamically controls and orchestrates neuronal circuit activity in easily accessible parts of the brain, like cortex. With the help of novel tools, we can now study inhibition in deeper brain areas that are intimately involved in simple, experimentally tractable forms of learning, such as classical fear conditioning. In this review, we will discuss recent progress in our understanding of how specific subtypes of amygdala interneurons dynamically regulate the function and plasticity of local amygdala circuits and their long-range projections during the acquisition, retrieval and extinction of conditioned fear memories.
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3 elicits a conditioned fear response which consists of motor (e.g. freezing or flight), neuroendocrine, autonomic, and other components (2) (3) (4) . Subsequent repeated nonreinforced CS presentations result in a gradually decreased conditioned response, a phenomenon called fear extinction, which is not the erasure of the initial fear memory, but by itself a new learning process (5) (6) (7) . Dysregulated fear learning and particularly impaired extinction of fear have been implicated in the development and persistence of human anxiety disorders, including post-traumatic stress disorder (PTSD) (1; 8; 9) .
One of the key brain regions for the acquisition, expression and extinction of conditioned fear behavior is the amygdala, a highly-conserved temporal lobe nucleus (2) . The amygdala consists of several interconnected subnuclei with distinct anatomical and physiological features. The basolateral amygdala (BLA) is a cortex-like structure composed of 80 % glutamatergic principal neurons and 20 % GABAergic interneurons (10; 11) (Fig. 1A) . The dorsal part of the BLA, the lateral amygdala (LA), is the main input site for sensory information to the amygdala complex, and receives strong inputs from sensory cortex and thalamus (12; 13) . The basal amygdala (BA) receives less direct sensory information, but is rather reciprocally connected with other brain regions, such as the prefrontal cortex or ventral hippocampus (12; 14-17) . Furthermore, the BLA also sends projections to the central nucleus (CEA), a striatum-like major output region of the amygdala, which contains GABAergic medium spiny neurons (18) . The CEA mediates motor and autonomic responses to fear and stress by targeting nuclei in the midbrain and in the hypothalamus ((19), for review, see (3) ). In addition, surrounding the BLA, there are several small clusters of GABAergic neurons, the so-called intercalated cell masses (ITCs) (20) . A lateral cluster of ITCs provides feedforward inhibition to the BLA, while a medial cluster mainly gates interactions at the interface between BLA and CEA (21) (22) (23) .
So far, research on the neuronal basis of classical fear conditioning has primarily focused on excitatory, pyramidal-like principal neurons in the BLA, which are considered as main sites of synaptic plasticity during the acquisition and extinction of conditioned fear behavior. Until recently, the role of local interactions between BLA principal and interneurons remained largely elusive. This was due to a lack of appropriate tools, which would allow for spatially and temporally defined recordings and manipulations of distinct neuronal subtypes in freely behaving animals. Over the past few years, converging evidence points to an important role for GABAergic inhibition in gating and regulating neuronal plasticity and learning (24) (25) (26) (27) (28) (29) . A key step was the development of transgenic mouse lines that express cre recombinase in specific interneuron subtypes (30) . The combination with novel techniques for virallymediated gene transfer, optogenetic identification and manipulation, as well as calcium M A N U S C R I P T
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4 imaging now provides unprecedented access to distinct cell types in deep brain regions such as the amygdala (31) (32) (33) (34) . Monitoring the activity of individual BLA interneurons in freely behaving rodents over the course of several days is still challenging, but will help to understand their role in sensory processing and in neuronal circuit plasticity for learning, retrieval and extinction of conditioned fear memories.
Interneuron subtypes in the basolateral amygdala
Only 20 % of BLA neurons are GABAergic interneurons (Fig. 1A ), yet they tightly control the activity of the remaining large population of principal neurons (10; 11; 35; 36) . In contrast to excitatory principal neurons, GABAergic interneurons have thin, aspiny dendrites, and their axonal arbor is usually restricted to the BLA (35; 37). Intriguingly, a small subset of GABAergic BLA neurons with yet unknown function has long range projections to remote regions including the basal forebrain or entorhinal cortex (38) (39) (40) . Different classes of BLA This suggests that the US could act as a teaching signal, instructing associative plasticity at CS-activated synapses (78) . Accordingly, pairing an auditory CS with artificial depolarization of LA neurons in vivo induces, albeit only weak, fear learning (79) . Consistent with this finding, additional inputs including neuromodulatory transmitters have been implicated (27; 80-83) . A recent study using a deep brain imaging approach of large neuronal ensembles in the BLA found that only a fraction of principal neurons with potentiated CS responses displayed somatic US responses, and that fear conditioning-induced changes in the encoding of the CS involved both up-and down-regulation of CS responses (31) . Together, these studies support more complex scenarios involving additional learning rules and/or plasticity of inhibitory circuit elements. Importantly, understanding the function of cell typeand compartment-specific inhibitory circuits, and their dynamic regulation through synaptic and neuromodulatory mechanisms, will be key for obtaining a mechanistic model of neuronal circuit plasticity underlying associative fear conditioning.
CS responses in BLA interneurons
Inhibition is a powerful regulator of plasticity in the LA, and neither fear learning nor LTP can be induced without disinhibition (25; 27; 80; 84; 85) . Until recently, little was known about control thalamic synaptic inputs, or whether they provide more global dendritic inhibition that could also affect cortical afferent synapses on the same dendritic branches (86) .
Furthermore, in motor cortex, SOM interneurons interfere with spine reorganization during motor learning (88) . Indeed, spine size and numbers can change after fear learning in BLA principal neurons (89; 90) . Yet, how these synaptic plasticity mechanisms in the BLA are influenced by SOM interneurons during fear learning is so far unknown.
US responses in BLA interneurons
Several studies investigated the activity of BLA interneurons upon aversive stimuli. In freely moving animals, both PV and SOM interneurons were on average inhibited by the US during an auditory fear conditioning paradigm (49) (Fig. 2C ). Yet, similar to their CS responses, the response profile was diverse, with subsets of US excited cells in both interneuron types. (Fig. 2D) .
Therefore, it is conceivable that during extinction, when IL-projecting cells are strongly activated, CCK L inhibitory input is rapidly suppressed, which may enhance the contrast between BLA fear and extinction pathways and promote rapid behavioral adaptations ( Fig.   2E-F) . This endocannabinoid-mediated disinhibition could further provide a time window for integration of excitatory stimuli and synaptic plasticity in extinction cells.
Furthermore, plasticity of inhibitory interneurons has been suggested as a key mechanism in fear extinction (130) . In contrast to fear learning (66), excitatory drive onto distinct subtypes of LA interneurons may be increased by LTP following fear extinction (131) (132) (133) . In accordance with a shift in excitability of BLA fear and extinction pathways, it has been demonstrated that perisomatic PV + terminals increase around then silent BA fear cells after extinction training (134) . Correspondingly, ablation of axo-axonic inhibitory synapses in the BLA impairs fear extinction (135) . This implies that PV-mediated silencing of fear neurons might be needed for the expression of extinction.
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In addition to BLA interneurons, the medial cluster of ITCs provides an inhibitory gate for the information flow between BLA and CEA, thereby regulating fear extinction. Extinction training is associated with increased expression of immediate early genes in mITCs (136; 137) , and ablation of these cells interferes with extinction retrieval (138) . Furthermore, extinction leads to a potentiation of excitatory BA inputs to mITCs, which in turn increases inhibition onto CEA output neurons to reduce fear responses (139) . This effect depends on activity in the IL subdivision of mPFC, which can directly activate cells in the mITC cluster in vivo (139) (140) (141) .
Taken together, these data demonstrate the importance of BLA inhibitory circuit elements to create a competitive extinction memory suppressing fear responses. Nevertheless, in vivo studies addressing the role of distinct BLA interneurons or ITCs during and after extinction are still lacking. Therefore, further efforts investigating the precise activity patterns and recruitment of different BLA interneuron groups and ITCs with both recordings and perturbations in freely moving animals will be necessary to delineate their individual contributions to the acquisition and expression of extinction memories.
Conclusions and future directions
The increasing numbers of cell type-specific genetically modified mouse lines, together with technical advances in optogenetics as well as tracing and recording techniques have led to major progress in understanding the role of defined inhibitory microcircuits in the amygdala 
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